Subunit-dependent effects of nickel on NMDA receptor channels.
Nickel (Ni2+) is a transition metal that affects different neuronal ionic channels. We investigated its effects on glutamate channels of the NMDA-type in the presence of saturating concentration of glutamate or NMDA (50 microM), in 0 external Mg and in the continuous presence of saturating glycine (30 microM). In neonatal rat cerebellar granule cells, Ni2+ inhibited the current evoked by NMDA at -60 mV with an IC50 close to 40 microM. The inhibition was weakly voltage-dependent and the current at +40 mV was inhibited with IC50=86 microM. Wash out of the metal unmasked a stimulatory effect which persisted for a few seconds. In HEK293 cells transiently transfected with recombinant NR1a-NR2A receptors, Ni2+ inhibited the current elicited by glutamate with an IC50=52 microM at -60 mV and 90 microM at +40 mV. In HEK293 expressing NR1a-NR2B receptors, 0.1-100 microM Ni2+ caused a potentiation of the current, with EC50=4 microM, while with 300 microM, a voltage-dependent block became apparent (IC50=170 microM). As previously reported, the current through both classes of recombinant receptors was steeply dependent on external pH, and in both cases the protonic block had an IC50 close to pH 7.2. Application of Ni2+ showed that stimulation of NR1a-NR2B receptor channels was dependent on external pH, while voltage-independent inhibition of NR1a-NR2A was less sensitive to pH change. These results indicate that Ni2+ has multiple and complex effects on NMDA channels, which are largely dependent on the NR2 subunit.